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component of an aircraft wiring System and to acquire a 
monitoring Signal. A method embodiment for monitoring an 
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toring Signals for a number of components of the aircraft 
wiring System using a number of partial discharge PD 
Sensors. The method further includes conveying the moni 
toring Signals from at least one of the PD Sensors to a data 
acquisition System. 
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MONITORING SYSTEMAND METHOD FOR 
WIRING SYSTEMS 

BACKGROUND OF INVENTION 

The invention relates generally to condition monitoring 
and diagnostics of wiring Systems and, more particularly, to 
condition monitoring and diagnostics of aircraft wiring 
Systems using partial discharge analysis ("PDA). 
An exemplary wire for an aircraft wiring System is shown 

in FIG. 1 and includes a conductive core, which is Sur 
rounded by insulation. The insulation may be surrounded by 
a sheath. There are three primary failure modes for wires in 
aircraft wiring Systems: loose connectors, corrosion of a 
connecter, and damaged insulation. Damage to insulation 
takes two forms: material degradation due to aging or 
thermal/electrical environment, and chafing, which may 
occur during maintenance. 

To detect wire failure in aircraft Systems, wiring is pres 
ently monitored using either time or frequency domain 
reflectometry (TDR or FDR, respectively). Although these 
techniques improve upon Simple impedance testing, by 
permitting identification and localization of hard wiring 
failures, they are unable to monitor degradation associated 
with the insulation and corrosion. Currently, degradation of 
insulation and corrosion are typically identified during 
visual inspection. Other shortcomings of TDR and FDR 
include the fact that they are performed offline, that is when 
the aircraft is out of service, their inability to predict wire 
failures and to identify potential Sources of damage 
(electrical, thermal, mechanical, or environmental) that may 
lead to a wire failure on later flights, and their lack of 
Sensitivity. 

Adverse consequences of these inspection shortcomings 
include the expenditure of numerous man-hours for trouble 
shooting to identify Sources of damage, as well as the 
removal and replacement of functioning equipment due to 
erroneous failure detection or prediction. Given the associ 
ated increased maintenance time and cost, there is a need for 
an improved monitoring System and method for aircraft 
wiring that is capable of monitoring the degradation asso 
ciated with the insulation and corrosion, before failure 
OCCS. 

Partial discharge analysis has been Successfully used to 
evaluate the integrity of high Voltage insulation Systems in 
the electrical industry. Briefly, partial discharges ("PD") are 
generated during the initial (and Subsequent) stages of 
insulation breakdown, as well as in response to arcing 
between connectors, in a wide variety of electrical 
components, Such as generators, transformers, capacitors, 
circuit board, wiring, and medical equipment. The analysis 
of partial discharges via Spectrum analysis, phase resolution, 
or pattern recognition (or combinations thereof) is generally 
known as partial discharge analysis. By examining the 
evolution of partial discharges over time, failures can be 
predicted, and equipment failure can thus be avoided. 

Accordingly, it would be desirable to develop a method 
and System for monitoring the condition of an aircraft wiring 
System that employ partial discharge analysis. 

SUMMARY OF INVENTION 

Briefly, in accordance with one embodiment of the present 
invention, a monitoring System is provided, which includes 
at least one partial discharge (PD) sensor. The PD sensor is 
configured to monitor a component of an aircraft wiring 
System and to acquire a monitoring Signal. 
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2 
A method embodiment for monitoring an aircraft wiring 

System is also provided. The method includes acquiring a 
number of monitoring Signals for a number of components 
of the aircraft wiring System using a number of partial 
discharge PD sensors. The method further includes convey 
ing the monitoring Signals from at least one of the PD 
Sensors to a data acquisition System. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 illustrates an exemplary wire in an aircraft wiring 
System; 

FIG. 2 illustrates a monitoring system embodiment of the 
invention; 

FIG. 3 Schematically depicts typical aircraft wiring SyS 
tem components, 

FIG. 4 illustrates a capacitive coupling Sensor in croSS 
Sectional view; 

FIG. 5 illustrates a PD sensor in a bundled configuration; 
FIG. 6 illustrates a number of PD sensors, in a single wire 

configuration; 
FIG. 7 illustrates a high frequency current transformer 

(HFCT) sensor; 
FIG. 8 depicts the HFCT sensor of FIG. 7 in partial 

croSS-Sectional view; 
FIG. 9 illustrates an in-line monitoring unit; 
FIG. 10 illustrates a self-monitoring unit; 
FIG. 11 depicts another monitoring system embodiment 

of the invention; 
FIG. 12 depicts the monitoring unit of either FIG. 9 or 10 

according to a particular embodiment, 
FIG. 13 depicts the monitoring unit of either FIG. 9 or 10 

according to a more particular embodiment; and 
FIG. 14 illustrates a monitoring system for off-board 

monitoring and diagnostics. 
DETAILED DESCRIPTION 

A monitoring system 100 embodiment of the invention is 
described with reference to FIG. 2. Monitoring system 100 
includes at least one partial discharge (PD) sensor 10, which 
is configured to monitor a component 22 of an aircraft 
wiring System 130. Typical aircraft wiring System compo 
nents are schematically depicted in FIG. 3. As shown in FIG. 
3, exemplary components 22 include high Voltage and high 
current power feeder circuits, Subsystem power distribution 
circuits, and System and Subsystem signal lines. On a more 
basic level, components 22 include wires 28, Such as shown 
in FIG. 1. Partial discharges in aircraft wiring occur for 
frequencies within a range of about ten (10) kHz to about 
several hundred MHz and, in addition, occur at different 
positions on the oscillatory electric field (with different 
phase). More particularly, each aircraft wiring type will have 
a distinctive PD signature. For example, for 400 Hz power 
wiring, the PD Signature is reflected in phase-resolved 
patterns, whereas the PD Signature for dc voltages resides in 
the repetition rates and cumulative behavior. Exemplary PD 
Sensors 10 include coupling capacitors, curtransformers, 
quadrapoles, Voltage meadevices, preamplifier applications, 
isolation transformers, and active bridge adapters. 
PD sensor 10 is described with respect to FIGS. 4-9. To 

maintain existing wiring integrity, PD Sensor 10 for a 
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particular embodiment includes a capacitive coupling Sensor 
12, which is illustrated in FIG. 4. As shown in FIG. 4, 
capacitive coupling Sensor 12 includes a conductive layer 14 
encompassing component 22. According to a more particu 
lar embodiment, component 22 includes a conductive core 
24 surrounded by an insulating layer 26. For this 
embodiment, capacitive coupling Sensor 12 further includes 
a capacitance enhancing layer 15, which extends around 
layer 26, as shown in FIG. 4. Conductive layer 14 extends 
around capacitance enhancing layer 15, as shown for 
example in FIGS. 4 and 6. Wires 28 generally include a 
sheath 32 as indicated in FIG. 1, and capacitance enhancing 
layer 15 also encompasses sheath 32 (not shown in FIG. 4). 
Hereinafter, it will be understood that if wire 28 includes 
sheath 32, any element that encompasses wire 28 also 
Surrounds sheath 32. Exemplary materials for conductive 
layer 14 include copper and modern carbon black blends 
dispersed in a flexible polymer matrix, which possess long 
term electrical and thermal Stability, and for capacitance 
enhancing material include high dielectric Strength polymer 
films, with or without high dielectric permittivity fillers, 
Such as TiO, Al-O, and titanates. For this embodiment, 
conductive core 24, insulating layer 26, capacitance enhanc 
ing layer 15, and conductive layer 14 form a capacitor, with 
conductive core 24 and insulating layer 26 providing an 
inherent electrode and dielectric, respectively, with capaci 
tance enhancing layer 15 enhancing the capacitance of the 
capacitor, and with conductive layer 14 providing the 
applied electrode. By enhancing the capacitance of capaci 
tive coupling Sensor 12, capacitance enhancing layer 15 
reduces the size (area) requirement for capacitive coupling 
Sensors 12. Beneficially, the Single-wire configuration 
shown in FIG. 6 facilitates quick isolation of a partial 
discharge indication for a specific wire 28. 

According to another embodiment, which is illustrated in 
FIG. 5, component 22 includes a number of wires 28, each 
wire comprising a conductive core 24 Surrounded by an 
insulating layer 26. For this embodiment, capacitive enhanc 
ing layer 15 extends around wires 28, bundling wires 28 
together, and conductive layer 14 extends around capaci 
tance enhancing layer 15, as indicated in FIG. 5. The 
bundled configuration illustrated in FIG. 5 facilitates moni 
toring a large number of wires 28. 

Another embodiment of PD sensor 10 is described with 
respect to FIGS. 7 and 8. For this embodiment, PD sensor 10 
includes a high frequency current transformer (HFCT) sen 
Sor 16 encompassing component 22. Where component 22 
includes conductive core 24 Surrounded by insulating layer 
26, HFCT sensor 16 extends around insulating layer 26, as 
indicated in FIG. 7. As noted above, wires 28 typically 
include sheath 32 and those skilled in the art will recognize 
that HFCT sensor 16 extends around sheath 32. HFCT 
Sensor 16 can be configured in a single wire arrangement, as 
shown in FIG. 6, for example, providing wire differentiation. 
For another embodiment, HFCT sensor 16 extends around a 
number of wires 28, as shown in FIG. 5, in a bundled 
configuration. An exemplary HFCT sensor 16 is depicted in 
FIG. 8, in partial cross-sectional view. As shown in FIG. 7, 
HFCT sensor 16 includes a number of conductive leads 19 
formed on Substrate 21. Cap 17 covers leads 19 and substrate 
21. According to a particular embodiment, Substrate 21 
comprises a flexible, magnetic, high permeability material. 
Exemplary Substrates 21 comprise polymers with magnetic 
particles (for example, iron) dispersed therein. Exemplary 
conductive leads 19 comprise copper. According to a par 
ticular embodiment, cap 17 comprises a flexible material, for 
example a polymer film. Exemplary caps 17 comprise 
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4 
polymer films marketed under the trade names Ultem(R), 
Radele), or Teflon(R), Suitably metallized. In addition, cap 17 
may further include fillers with high permittivity to increase 
capacitance and reduce size. Beneficially, both capacitive 
coupling sensor 12 and HFCT sensor 16 incorporate a 
non-intrusive approach that maintains existing wiring 
integrity, to reduce the possibility of inducing failures during 
Sensor installation and operation. 

According to a particular embodiment, monitoring System 
100 further includes a monitoring unit 60, 65, which 
includes PD sensor 10. Exemplary monitoring units 60, 65 
are described with reference to FIGS. 9 and 10. In order to 
retrofit existing aircraft wiring Systems 130, an in-line 
monitoring unit 60 is provided. For this embodiment, com 
ponent 22 comprises a first wire Set 50 including at least one 
wire 28, a first connector 52 connected to first wire set 50, 
a Second wire Set 54 including at least one wire 28, and a 
Second connector 56 connected to Second wire Set 54, as 
shown in FIG. 9. In-line monitoring unit 60 is positioned 
between first and second connectors 52, 56. According to a 
more particular embodiment, in-line monitoring unit 60 is 
configured to matingly connect to first and Second connec 
tors 52, 56, as indicated in FIG. 9. An exemplary in-line 
monitoring unit 60 includes at least one Socket (not shown 
but indicated by reference numeral 62), for receiving a pin 
64 of first connector 52, and at least one pin 64, for inserting 
within a socket 62 of second connector 56. Exemplary 
connectors 52, 56 include 24 pins 64 or sockets 62. Exem 
plary PD sensors 20 for this embodiment include capacitive 
coupling sensor 12 or HFCT sensor 16, which are configured 
around pins 64 of in-line monitoring unit 60. Beneficially, 
in-line monitoring unit 60 permits the monitoring of indi 
vidual wires 28 for ready identification of the specific wire 
28 generating a partial discharge. In addition, in-line moni 
toring unit 60 can be used with existing cable assemblies and 
thus is readily usable in retrofitting existing aircraft wiring 
systems 130. 

According to another embodiment, monitoring unit is a 
self-monitoring unit 65. This embodiment is beneficial for 
new or replacement components 22 of aircraft wiring Sys 
tems 130. For this embodiment, component 22 includes a 
wire set 50, which includes at least one wire 28 and is 
connected to self-monitoring unit 65. PD sensor 20 is 
configured to monitor the wire. An exemplary Self 
monitoring unit 65 is illustrated in FIG. 10 and includes a 
connector 67, configured to connect to wire set 50, and a 
number of pins 64, for matingly connecting to another 
connector (not shown). For this embodiment, exemplary PD 
sensors 10 include capacitive coupling sensor 12 or HFCT 
sensor 16. PD sensor 10 is configured around a respective 
pin 64 on either a protruding portion or an interior portion 
69, the latter configuration being depicted in FIG. 10. 
Self-monitoring unit 65 is particularly beneficial for incor 
poration into the electrical connectors of new cable 
assemblies, reducing added hardware and weight, and 
improving Sensor reliability and durability. In addition, 
self-monitoring unit 65 permits the monitoring of individual 
wires 28 for ready identification of the specific wire 28 
generating a partial discharge. 

For the embodiment shown in FIG. 2, monitoring system 
100 further includes a data acquisition system 40, which is 
configured to receive the monitoring Signal from PD Sensor 
10. For a more particular embodiment for monitoring com 
ponents 12 in critical aircraft Systems, Such as power feeder 
systems, monitoring system 100 further includes at least one 
hard-wired connector 95 configured to connect monitoring 
unit 60, 65 to data acquisition system 40 for conveying the 
monitoring Signal. 
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Although hard wired connections 95 between monitoring 
unit 60, 65 and data acquisition system 40 can be desirable 
for monitoring critical components 95, it is also desirable to 
avoid increasing the overall number of wires 28. 
Accordingly, for a particular embodiment, monitoring unit 
60, 65 further includes a transmitter 92, which is configured 
to transmit the monitoring Signal as Schematically indicated 
in FIG. 2. Transmitters are known and hence will not be 
discussed in detail. Transmitter 92 may take any of known 
forms, and one exemplary transmitter 92 is a radio 
frequency transmitter. Beneficially, transmitter 92 provides a 
wireless interface also indicated by reference numeral 92 
between monitoring unit 60, 65 and data acquisition System 
40. 

In order to receive and Store the monitoring Signal, for a 
particular embodiment depicted in FIG. 11, data acquisition 
system 40 includes a receiver 94, which is configured to 
receive the monitoring Signal, and a memory 96, which is 
configured to Store the monitoring Signal. Receivers are 
known, and receiver 94 may take any of known forms. One 
exemplary receiver 94 is a radio-frequency receiver. One 
exemplary implementation of memory 96 is a computer 120. 
Computer 120 may be integral to the aircraft or take the form 
of a portable device. Alternatively, computer 120 may be 
off-board. Beneficially, by Storing the monitoring Signals, 
memory 96 permits additional post-flight analysis of the 
health of the aircraft wiring System. According to a particu 
lar embodiment, computer 120 is on-board the aircraft in 
either a fixed or portable configuration. 

In order to Simplify monitoring of components 22 of 
aircraft wiring System 130 and to provide a quick means for 
detecting problematic wiring conditions and alerting per 
Sonnel of Such conditions, monitoring unit 60, 65 according 
to a particular embodiment further includes a partial dis 
charge (PD) signal discriminator 90, which is configured to 
convert the monitoring Signal to a multi-level monitoring 
Signal. For this embodiment, transmitter 92 is configured to 
transmit the multi-level monitoring Signal. Alternatively, the 
multi-level Signals are conveyed to data acquisition System 
40 via hard wire connections 95, as indicated in FIG. 2. An 
exemplary monitoring unit 60, 65 is described with refer 
ence to FIG. 12. As shown in FIG. 12, the monitoring signal 
is measured, for example, acroSS a resistor 102. The Signal 
is amplified by an amplifier 104. PD signal discriminator 90 
includes a number of discriminating elements 106, for 
example diodes. Discriminating elements 106 pass the 
monitoring Signal only if its amplitude exceeds certain 
predetermined values, for example V=1.0 mV and V=1.5 
mV. These values are purely exemplary. Insulation materials 
exhibit different Strengths and weaknesses regarding the 
onset and extent of degradation due to partial discharges. 
Accordingly, the predetermined values are Selected based on 
the wiring being monitored, including the type of wiring 
insulation and the aircraft wiring System being monitored. 
Moreover, although this example is described using two 
predetermined values, V and V other numbers of prede 
termined values can also be used, for example three or four. 
Small partial discharges with amplitude V less than the 
Smallest predetermined value, V, will not pass through any 
of discriminating elements 106. Accordingly, transmitter 92 
transmits a low Signal, indicating “healthy’ wiring. A larger 
partial discharge with amplitude between V and V, namely 
V2VeV, will be passed by discriminating element 106 
corresponding to V and transmitter 92 transmits a medium 
Signal akin to a yellow light or warning, indicating Some 
breakdown and a possibility of future wiring damage. Still 
larger partial discharges with amplitude exceeding V2 pass 
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6 
through discriminating element 106 corresponding to V, 
and transmitter 92 transmits a high Signal analogous to a red 
light or high alert, indicating considerable breakdown and 
imminent damage to the wiring. Thus, the multi-level moni 
toring Signal is one of the low, medium, or high Signals, for 
this example. 

In order to receive, Store, and respond to the multi-level 
monitoring Signals, data acquisition System 40 according to 
a particular embodiment includes receiver 94, which is 
configured to receive the multi-level monitoring Signal, and 
memory 96, which is configured to store the multi-level 
monitoring Signal. For this embodiment, data acquisition 
system 40 further includes a monitor 98, which is configured 
to transmit an alert based on the multi-level monitoring 
Signal. One exemplary implementation of memory 96 and 
monitor 98 is a computer 120, which is discussed above and 
indicated in FIG. 11. Beneficially, by storing multi-level 
monitoring Signals, memory 96 permits additional post 
flight analysis of the health of the aircraft wiring system 130. 
AS certain conditions that may induce in-flight failures may 
not be duplicated during ground maintenance activities, the 
Storage of multi-level monitoring Systems in memory 96 is 
particularly beneficial. According to a particular 
embodiment, computer 120 is on-board the aircraft in either 
a fixed or portable configuration. For this embodiment, 
monitor 98 is configured to transmit the alert to a commu 
nication System 122 of the aircraft, which in turn commu 
nicates with an off-board communication system 124 for 
land-based monitoring of the aircraft wiring system 130. For 
example, monitor 98 transmits the alert to a central warning 
system (also indicated by reference numeral 122) for the 
aircraft. Communications between aircraft and off-board 
communication Systems 122, 124 are known. Communica 
tions between monitor 98 and on-board communications 
system 122 can be either wireless or hard-wired. 

It is also desirable to display the wire health Status, So that 
aircraft or ground perSonnel may visually monitor the health 
of components 22 of aircraft wiring System 130. According 
to a particular embodiment, monitoring system 100 further 
includes a display 126, which is configured to display a wire 
health Status based on the multi-level monitoring Signal. The 
invention is not limited to any particular type of display. 
Exemplary displays include computer monitors and liquid 
crystal displayS. Display 126 may be part of a portable 
device of in a fixed configuration. More particularly, display 
126 is on-board the aircraft. One example of a wire health 
Status is a list of all components 22 or major wiring Systems 
being monitored, with a corresponding wire health indicator, 
Such as a green, yellow, or red indication next to the 
respective component 22 or wiring System. Other examples 
include displaying wire health over time for each component 
22 or wiring System, or displaying only those components/ 
wiring Systems having medium or high Signals. These 
examples are provided for illustrative purposes, and the 
invention is not limited to a particular form of the wire 
health Status. 
A particular on-board monitoring system 100 embodi 

ment is described with reference to FIGS. 11 and 13. AS 
shown in FIG. 13, on-board monitoring system 100 includes 
a number of monitoring units 60, 65. Each monitoring unit 
60, 65 is configured to monitor a component 22 of aircraft 
wiring system 130 and includes at least one PD sensor 10. 
Exemplary monitoring units include in-line monitoring unit 
60 and self-monitoring unit 65, which are illustrated in 
FIGS. 9 and 10, respectively, and are described in detail 
above. As indicated in FIG. 11, on-board monitoring system 
100 further includes data acquisition system 40, which is 
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configured to receive a number of monitoring Signals from 
monitoring units 60, 65. More particularly, at least one of 
monitoring units 60, 65 further includes PD signal discrimi 
nator 90, for converting the monitoring Signal to a multi 
level monitoring Signal, and transmitter 92, for transmitting 
the multi-level monitoring Signal. For this embodiment, data 
acquisition system includes receiver 94 and memory 96, for 
receiving and Storing the multi-level monitoring Signal, 
respectively, and monitor 98, for transmitting an alert based 
on the multi-level monitoring Signal. According to a more 
particular embodiment, on-board monitoring system 100 
further includes at least one hard-wire connector 95 config 
ured to connect at least one of the monitoring units 60, 65 
to data acquisition System 40 for conveying the monitoring 
signal. Hard-wire connector 95 can be in place of or in 
addition to transmitter 92, for the respective monitoring unit 
60, 65. As discussed above, hard-wire connections 95 are 
desirable for monitoring critical components 22 of aircraft 
wiring system 130. 

Still more particularly, the component 22 monitored by 
monitoring unit 60, 65 of on-board monitoring system 100 
includes a number of wires 28. For this embodiment, moni 
toring unit 60, 65 includes a number of PD sensors 10 and 
a number of PD signal discriminators 90, as indicated in 
FIG. 13. The number of PD sensors 10 and PD signal 
discriminators 90 shown in FIG. 13 is purely illustrative and 
will vary with the number of wires 28 being monitored for 
component 22. As indicated in FIG. 13, one PD signal 
discriminator 90 is provided for each PD sensor 10, and each 
PD sensor 10 monitors one of the wires 28. Each PD signal 
discriminator 90 converts the monitoring signals from a 
respective PD Sensor 10 to respective multi-level monitoring 
signals. Transmitter 92 transmits each of the multi-level 
monitoring Signals over a respective wireless channel. 
A method embodiment for monitoring aircraft wiring 

System 130 includes acquiring a number of monitoring 
Signals for a respective number of components 22 of aircraft 
wiring system 130 using a number of partial discharge PD 
sensors 10. The method further includes conveying the 
monitoring signals from at least one of the PD sensors 10 to 
data acquisition System 40. For example, monitoring Signals 
from key components 22 are conveyed using hard-wired 
connectorS 95 and monitoring Signals are also conveyed in 
a wireless manner via transmitter 92. 
To simplify monitoring and provide a quick means for 

detecting problematic wiring conditions and alerting per 
Sonnel of Such conditions, the method according to a par 
ticular embodiment further includes converting each of the 
monitoring Signals to a multi-level monitoring Signal. For 
this embodiment, each of the respective multi-level moni 
toring Signals is transmitted over a respective wireleSS 
channel and Stored in a memory 96 of data acquisition 
system 40. The method also includes transmitting an alert, if 
one of the multi-level monitoring Signals indicates possible 
damage to the respective component 22. Still more 
particularly, the method further includes displaying a wiring 
health status for the components 22 based on the multi-level 
monitoring Signals, as discussed above with respect to 
monitoring system 100. 
An exemplary method for on-board monitoring of aircraft 

wiring System 130 includes acquiring a number of monitor 
ing Signals for a respective number of components 22 of 
aircraft wiring System 130 using a number of partial dis 
charge PD Sensors 10, and conveying the monitoring Signals 
from at least one of the PD sensors 10 to data acquisition 
system 40, by hard wired or wireless means. The on-board 
monitoring method further includes converting each of the 
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8 
monitoring Signals to multi-level monitoring Signals, con 
veying the multi-level monitoring Signals to data acquisition 
System 40, and Storing the multi-level monitoring Signals in 
memory 96 of data acquisition system 40. To warn aircraft 
perSonnel of possible damage to wiring System 130, the 
method also includes transmitting an alert, if one of the 
multi-level monitoring Signals indicates possible damage to 
the respective component 22. For ease of monitoring the 
state of wiring system 130, the method further includes 
displaying a wiring health Status for components 22 based 
on the multi-level monitoring Signals. 

Another monitoring system 200 embodiment is described 
with reference to FIG. 14. This embodiment is particularly 
beneficial for off-board monitoring and diagnosis of aircraft 
wiring system 130, namely for inspecting wires 28 when the 
aircraft is not in flight. AS indicated in FIG. 14, monitoring 
system 200 includes a test interface 80, which is configured 
to connect to component 22 of aircraft wiring System 130. 
Test interface 80 includes at least one partial discharge (PD) 
Sensor 10, which is configured to inspect component 22 and 
Supply a signal. Exemplary PD Sensors 10 include capacitive 
coupling sensor 12 or HFCT sensor 16. Monitoring system 
200 further includes a data acquisition system 40, which is 
configured to receive the Signal. Exemplary data acquisi 
tions systems include computer 120, as indicated in FIG. 14. 
According to a particular embodiment, monitoring System 
200 further includes display 126 for displaying the signal. As 
shown in FIG. 14, an exemplary display is a computer 
monitor. 
As indicated in FIG. 14, this off-board monitoring 

embodiment is beneficially applied to a component 22 
comprising a wire Set 50, which includes at least one wire 
28, and a connector 52, which is connected to the wire Set 
50. For this particular embodiment, test interface 80 is 
configured to matingly connect to connector 52, as indicated 
in FIG. 14. For example, test interface 80 includes at least 
one Socket (not shown but indicated by reference numeral 
62), for receiving a pin 64 of connector 52. Exemplary 
connectors 52 include 24 pins 64 and test interface includes 
a corresponding number of Sockets 62. Of course, the 
number of pins 64 and sockets 62 varies for different cable 
assemblies. Beneficially, test interface 80 can be used with 
existing cable assemblies and thus can be used with existing 
aircraft wiring systems 130 to perform off-board monitoring 
and diagnostics. 
More particularly for the off-board monitoring 

embodiment, wire set 50 includes a number of wires 28, as 
shown in FIG. 14, and test interface 80 is an automated 
multiplexing test interface 80, which is configured to auto 
matically inspect each of the wires 28 using PD sensor 10. 
Presently, automated multiplexing test interfaces (AMTI) 
are used to measure cable resistances, and exemplary AMTIS 
for measuring cable resistances are commercially available 
from Eclypse International. By reconfiguring an AMTI to 
include PD sensor 10, the automatic Switching mechanism 
of AMTI's can be used to connect PD sensor 10 to each wire 
28 to perform partial discharge analysis on each wire. In this 
manner, AMTI 80 supplies signals for each of the wires 28. 
Beneficially, monitoring system 200 permits off-board 
monitoring and diagnostics of existing aircraft wiring Sys 
tems 130 and facilitates quick isolation of a partial discharge 
indication for a specific wire 28. 

Although monitoring systems 100, 200 have been 
described with respect to aircraft wiring system 130, moni 
toring systems 100, 200 and PS sensor 10 are also applicable 
to other wiring Systems, for example to wiring Systems in 
Submarines, to wiring Systems in Space applications, Such as 
Space Shuttles, and to wire Systems in military vehicles. 
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While only certain features of the invention have been 
illustrated and described herein, many modifications and 
changes will occur to those skilled in the art. It is, therefore, 
to be understood that the appended claims are intended to 
cover all Such modifications and changes as fall within the 
true Spirit of the invention. 
What is claimed is: 
1. A monitoring System comprising at least one partial 

discharge (PD) sensor, which is configured to monitor a 
component of an aircraft wiring System and to acquire a 
monitoring Signal, wherein Said PD Sensor comprises a high 
frequency current transformer (HFCT) sensor encompassing 
the component, and wherein Said HFCT Sensor comprises a 
plurality of conductive leads formed on a Substrate and a cap 
covering Said leads and Said Substrate. 

2. The monitoring System of claim 1, wherein the com 
ponent comprises a conductive core Surrounded by an insu 
lating layer, and wherein Said HFCT Sensor extends around 
the insulating layer. 

3. The monitoring System of claim 1, wherein the com 
ponent comprises a plurality of wires, each wire comprising 
a conductive core Surrounded by an insulating layer, wherein 
said HFCT sensor extends around the wires. 

4. The monitoring System of claim 1, further comprising 
a monitoring unit which includes Said PD Sensor, wherein 
Said monitoring unit comprises a Self-monitoring unit, 
wherein the component comprises a wire Set, which includes 
at least one wire and is connected to Said Self-monitoring 
unit, and wherein Said PD Sensor is configured to monitor 
the wire. 

5. The monitoring System of claim 1, further comprising: 
a monitoring unit which includes said PD sensor; 
a data acquisition System, which is configured to receive 

the monitoring Signal; and 
at least one hard-wired connector configured to connect 

Said monitoring unit to Said data acquisition System for 
conveying the monitoring Signal. 

6. The monitoring System of claim 1 further comprising a 
monitoring unit which includes said PD Sensor, wherein Said 
monitoring unit further comprises a transmitter, which is 
configured to transmit the monitoring Signal. 

7. The monitoring System of claim 6, further comprising 
a data acquisition System, which comprises: 

a receiver, which is configured to receive the monitoring 
Signal; and 

a memory, which is configured to Store the monitoring 
Signal. 

8. A monitoring System comprising a monitoring unit that 
comprises: 

at least one partial discharge (PD) sensor, which is con 
figured to monitor a component of an aircraft wiring 
System and to acquire a monitoring Signal, 

a transmitter, which is configured to transmit the moni 
toring Signal, and 

a partial discharge (PD) signal discriminator, which is 
configured to convert the monitoring Signal to a multi 
level monitoring Signal, wherein Said transmitter is 
configured to transmit the multi-level monitoring Sig 
nal. 

9. The monitoring system of claim 8, further comprising 
a data acquisition System, which comprises: 

a receiver, which is configured to receive the multi-level 
monitoring Signal; 

a memory, which is configured to Store the multi-level 
monitoring Signal; and 
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10 
a monitor, which is configured to transmit an alert based 

on the multi-level monitoring Signal. 
10. The monitoring system of claim 9, further comprising 

a display, which is configured to display a wire health Status 
based on the multi-level monitoring Signal. 

11. An on-board monitoring System comprising: 
a plurality of monitoring units, each monitoring unit being 

configured to monitor a component of an aircraft wiring 
System and comprising at least one partial discharge 
(PD) sensor; and 

a data acquisition System, which is configured to receive 
a plurality of monitoring Signals from Said monitoring 
units, 

wherein at least one of Said monitoring units further com 
prises: 

a partial discharge (PD) signal discriminator, which is 
configured to convert the monitoring Signal to a multi 
level monitoring Signal, and 

a transmitter, which is configured to transmit the multi 
level monitoring Signal, and 

wherein Said data acquisition System comprises: 
a receiver, which is configured to receive the multi-level 

monitoring Signal, 
a memory, which is configured to Store the multi-level 

monitoring Signal, and 
a monitor, which is configured to transmit an alert based 

on the multi-level monitoring Signal. 
12. The on-board monitoring system of claim 11, wherein 

the respective component comprises a plurality of wires, 
wherein Said monitoring unit comprises a plurality of PD 

Sensors and a plurality of PD Signal discriminators, one 
PD signal discriminator being provided for a respective 
PD sensor, 

wherein each of said PD sensors is configured to monitor 
a respective one of the wires, 

wherein each of Said PD Signal discriminators is config 
ured to convert each of the monitoring Signals from a 
respective PD sensor to a respective multi-level moni 
toring Signal, and 

wherein Said transmitter is configured to transmit each of 
the multi-level monitoring Signals over a respective 
wireleSS channel. 

13. The on-board monitoring system of claim 11, further 
comprising: 

at least one hard-wired connector configured to connect at 
least one of Said monitoring units to Said data acquisi 
tion System for conveying the monitoring Signal. 

14. A method for monitoring an aircraft wiring System, 
Said method comprising: 

acquiring a plurality of monitoring Signals for a plurality 
of components of the aircraft wiring System using a 
plurality of partial discharge (PD) sensors; 

conveying the monitoring Signals from at least one of the 
PD Sensors to a data acquisition System; 

converting each of the monitoring Signals to a multi-level 
monitoring Signal, 

wherein Said conveying Step comprises transmitting each of 
the respective multi-level monitoring Signals over a respec 
tive wireleSS channel and receiving the multi-level monitor 
ing Signals, 
wherein said method further includes: 

Storing the multi-level monitoring Signals in a memory of 
the data acquisition System; and 

transmitting an alert, if one of the multi-level monitoring 
Signals indicates possible damage to the respective 
component. 
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15. The method of claim 14, further comprising display 
ing a wiring health Status for the components based on the 
multi-level monitoring Signals. 

16. A method for on-board monitoring of an aircraft 
wiring System, Said method comprising: 

acquiring a plurality of monitoring Signals for a respective 
plurality of components of the aircraft wiring System 
using a plurality of partial discharge (PD) sensors; 

conveying the monitoring Signals from at least one of the 
PD Sensors to a data acquisition System; 

converting each of the monitoring Signals to multi-level 
monitoring Signals, 

conveying the multi-level monitoring Signals to a data 
acquisition System; 

Storing the multi-level monitoring Signals in a memory of 
the data acquisition System; 

transmitting an alert, if one of the multi-level monitoring 
Signals, indicates possible damage to the respective 
component; and 

displaying a wiring health Status for the components 
based on the multi-level monitoring Signals. 

15 

12 
17. A monitoring System comprising: 
a test interface, which is configured to matingly connect 

to a component of an aircraft wiring System, the com 
ponent comprising a wire Set, which includes a plural 
ity of wires, and a connector connected to the wire Set, 
Said test interface comprising at least one partial dis 
charge (PD) sensor, which is configured to monitor the 
component and acquire a monitoring Signal, wherein 
Said test interface further comprises an automated mul 
tiplexing test interface, which is configured to auto 
matically monitor each of the wires using said PD 
Sensor; and 

a data acquisition System, which is configured to receive 
the monitoring Signal. 

18. The monitoring system of claim 17, further compris 
ing a display, which is configured to display the monitoring 
Signal. 

19. The monitoring system of claim 17, wherein said test 
interface is configured to matingly connect to the connector. 


